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EVIDENCE FOR VALENCE NEUTRON CAPTURE IN S-WAVE NEUTRON CAPTURE IN *ar and ..PO'
. S. F. Mughsbghab
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Upton, New York 11973

The velence sand channel neutron model of Lesne snd Lynn remerkably account for
psrtisl radlstive widths of neutron resonances in the lp-giant resonsnce. In this
fovestigation, evidence {8 presenied for vslcnce neutron capture ot snd in the neighbore

hood of the 3a- giant resonance in target nuclel Ar-36 end Fe-54. 1In addition, the
variation of the correletion coefficient p(T¥‘ !;“, (23+41) gdp) vith the reductfon

pover factor n of the Y ray energy is studied.

{chernsl cepture spectra; valencs capture in 2®Ar and "le)

Jutroduction

A considerable number of recent {nvestigations
have been devoted to the study of nonstatistical
effects in the neutron captuve mechanism in the
thermal end resonance regicn. These nonstatistical
effects generolly manifest themseives in the obser-
vat fon of enhanced gamma ray transitions to low lying
states with ln{reas}?gle particle character. The
interpretation *“°"‘of the thermal capture data in
terms of efther of the simple reaction mechanisms
described below 1s one of the interesting aspecta of
these tnvez}igftlona. Three proposed simple reaction
mechanisms' """ ‘which quantitatively explain these
obscrvations are (1) hard sphere capture, (2) chaancl
capture, and (3) valence capture. Other reaction
mechanisms such as doorway state formation will not be
trested here. The hard aphere or potential cspture
cross section for an s-wave neutron undergoing & tran-
eition to a final p stace is exprecsed by:
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In this relstion, Of is & reduced dimensionless neutron

width of the finsl state and y = ko R where kNL is

the wave number correaponding to the binding energy of
the final state. The interesting features of this
relation is that the hard sphere partial capture cross
section 18 (1) correlated with the (d,p) spectroscopic
factors of the final stetes and (11) it follows an BY

energy dependence, Estimstes of (1) in the masa
region around A = 50 are abcut 0.3b. ()
The channel capture contribution’” 'to the radi-

ative width rvif of an s-wave resonance with spin J ia

given by:
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where the last term is cthe Wigner 6-) symbol, Note
that the energy dependence of erf is cloaely pro-
portional to EY .

The valence capturtsfomponent for an E1 tren-
sition 1a expressed by:

3
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le and ‘1( are the angular momentum vector coupling
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coefficients and the radial overlap integrals for El
transitions respectively. It is interesting to note
that the limits of integration of Iu are from 0 to =,

For the case of channel cspture, the integration wass
carried out in the cxternal region to arrive at re-
lation (2). In this investigation, the Y ray energy
dependence of the radial overlap integrals in {3) was
studied for s-wave capture in the mess region 50,
using Saxon-Wood poteutial. The results show that the
energy dependence of Itf i{s not very strong; spectiff-
2 -1 :
cally I“d Eyu-u .

Captyre Mechan n_Ar-36

The Y ray intensities due to thfrmll neutron
capture were messured by Von witle'® using 8 highly
enriched sample of Ar-36 (99.5%). Hsrdell and Beer'”?
using a natural ergon sample observed several Ar-36
1fnes and reported their intensities relative to Ar-40.
The Ar-36 Y ray intensities were converted here to
sbsolute values with the aid of the thermal capture
cross sections of Ar-36 and A4~40 (0V = 0.66b) and

their nstural abundances ss raported in BNL-325 (1973).
As shovn in Table I, very good agreesment is obteined
between the two sets of measurements.

A display of the energy level disgram of Ar-37 and
Y ray intensities due to thermal neutron cspture is
shown in Fig. 1. The (d,p) spectroscopic factor Sdp

as indicated in the flgure are weighted averagee of the
most recent data, One notes immediately that the
strongest E1 transitions are populating final atates
with large apectroscopic factors. Analysis of the

data show that the Y ray intensities are highly corre-
lated with the (d,p) data, (2J—l)$dp. When euch

significant correlation is established, ore seeks to
find out whether the reaction mecheniam is dominated
by herd sphere, channel, or valence capture. The
magnitude as well ss the Y rsy energy dependence of

the intensities can shed light on this question. As a
result, partial radistive widths sre calculated in the
framework of the valence neutron model using the psram-
eters of the bound level derived by Mughabghab and
Magurno.” ' In these cslculations, the normlli:atlon pro-
cedure described by Lane and Mughabghab B’la applied.

A comparison between predicted and measured partial
radistive widrhs 1is described in Fig. 2 which shows
gooG sgreement between the two sets. Finally, it {s
interesting to point out that deteiled analysis of the
correlation coefficient:

-0
LIV _‘EY .

is optimieed for n

(23+1) sdp)

= 1.2, a result which is not
mex

reconciled with channel or valsnce cspture for which
LI 2 or 3 respectively.
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Energy level diagrem and thermal neutron
cspture Y ray intensities of Ar-37
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Comparison of meanured and calculated partial
radtative widihs of “"Ax (n,) 47 Ag
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Study of the vaerfation of the correlation
coefficient p with the reduction factor n
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Table lao -
Y Ray Intensities of ~ Ar (n,y) 3Mar
(6) (§)]
% Ray Energy Bx 1
(keV) (keV) (photons/100 capture) (photone/100 capture)
8790.8 0 10.9%0.8 10.1
6300.2 2491 37.533.0 1 37.1
5273.5 3517 25.0%1.5 18.2
4851.8 3939 0.8%0.1
4342.3 4449 1.620.2
4211.6 4579 3.2%0.2
4153.0 4628 0.8%0.1
3981.4 4810 1,840.2
3700.2 5091 13.4%0.9
2599.6 6191 3.120.5
2107.5 23,710.1 18.6
1410.6 33.0%0.5 3.0



